Objective Although the pathogenesis of metabolic syndrome (MetS) is complex and multifactorial, there is limited information if psychological factors, such as stress exposure, are involved in the etiology of MetS. Therefore, this study investigated the associations between MetS and cortisol levels and perceived stress levels among women shift workers in Southern Brazil.
Introduction
Metabolic syndrome (MetS) is characterized by a combination of different metabolic factors, including hyperglycemia, hypertension, reduced high-density lipoprotein cholesterol (HDL-C), elevated triglycerides, and abdominal obesity [1] . A Joint Interim Statement compiled by different organizations defined MetS as the concomitant presence of three of these five factors [1] . MetS is associated with cardiovascular events and with a higher risk of all-cause mortality [2, 3] , and these associations are stronger in women than men [4] .
The pathogenesis of MetS is complex and multifactorial. However, there is evidence that psychological factors, such as stress exposure, may be involved in the etiology of MetS [5] .
Alterations in the activity of the hypothalamic-pituitary-adrenal (HPA) axis lead to increased secretion of stress-related glucocorticoid hormones such as cortisol, which may be involved in the pathogenesis of MetS [6, 7] . However, the scientific literature is inconsistent and controversial; some studies have reported positive associations between cortisol and MetS [8] [9] [10] [11] , whereas others have reported no such association [12] [13] [14] [15] . Similar inconsistencies have been observed in relation to perceived stress levels, with some studies reporting an association with MetS [12, 16] , and others reporting no association [17] [18] [19] . Psychological stress can be measured subjectively as perceived stress levels, and objectively as cortisol levels. The perceived stress scale (PSS) is the most widely used tool for measuring the subjective parameter of perceived stress level [20, 21] , and salivary cortisol level is frequently used as a biological marker of psychological stress [22, 23] .
Moreover, exposure to certain unfavorable work characteristics may be an important factor in worker's health and health-related outcomes, and shift work, including night shift work, is recognized as a potential risk factor for chronic diseases like MetS [24, 25] . Shift work has also been associated with desynchronization of circadian rhythms, sleep problems, and other psychological conditions [26, 27] . Based on the plausibility of the evidence regarding these associations for shift work, and given the existing evidence suggesting the association between psychological stress in the development of MetS, the aim of the present study was to investigate the association between MetS and salivary cortisol level and perceived stress level in a sample of female shift workers. So, we hypothesized that levels of salivary cortisol and the susceptibility to perceived stress might account for variation in the occurrence of MetS. We will also examine whether this association is modified by shift work, especially among women who work at night. In doing this, we hope to clarify or understanding the relationship between MetS and stress exposure in a specific vulnerable population (female shift workers).
Methods

Study population
Female participants from a previous cross-sectional study from a poultry processing plant that operates 24 hours per day in Southern Brazil were used to carry out the present study. The crosssectional study was carried out in 2010 and aimed to examine the risk factors for metabolic disorders among 902 Brazilian shift workers (65.9% women) [28] . All eligible women were aged ≥18 years and worked 44 hours per week in fixed shifts on the company's assembly line. During the cross-sectional study, data was collected on waist circumference, triglycerides, HDL-C, fasting blood glucose, and blood pressure.
Waist circumference was measured with a non-extendable metric measuring tape (accurate to 1 mm) midway between the lower last rib and the iliac crest, with women standing, feet together, arms slightly apart and along the sides of the body, and abdominal muscles relaxed. Measurements were taken in duplicate for each participant, and the mean value was used for analysis. The cut-off for abdominal obesity was chosen in accordance with the demographics and origins of the study population. Blood samples were collected in the morning from the medial cubital vein after 12 hours of fasting and used to determine triglycerides, HDL-C, and fasting blood glucose. Systolic and diastolic blood pressure was measured on the left upper arm after 5 minutes of rest in the sitting position using an automatic blood pressure monitor (HEM-711INT; OMRON, Tokyo, Japan). Blood pressure measurements were performed in duplicate for each participant, and the mean value was used for analysis.
Study sample
In 2011, female cases of MetS were identified in the cross-sectional study and were included in the present, matched case-control study. Presence of MetS was determined according to the "Harmonizing the Metabolic Syndrome" consensus statement guidelines, which is a Joint Interim Statement of international organizations [1] . A diagnosis of MetS was assigned if three or more of the following components were present: elevated waist circumference (≥80 cm, cut-off recommended for women of European origin), elevated triglycerides (≥150 mg/dl), reduced HDL-C (<50 mg/dl), elevated fasting blood glucose (≥100 mg/dl or drug treatment of elevated glucose with clinical diagnosis of diabetes mellitus), or elevated blood pressure (systolic ≥130 mm Hg and/or diastolic ≥85 mm Hg, or antihypertensive drug treatment with a clinical diagnosis of hypertension). For each MetS case, four age-matched female controls (± 3 years) were randomly selected from the cross-sectional study. So, the sample size was determined by the total number of cases of MetS (n=68) plus a control group of 272 women without MetS (1 case : 4 matched controls).
Cases and controls were re-interviewed in their homes, using a questionnaire, between 
Collection and analysis of salivary cortisol samples
All women were asked to collect two saliva samples during a typical work day: one immediately after waking and one upon returning home from work. The average time between the salivary collections was 12.7 ± 3.1 hrs (12.4 ± 3.2 hrs for cases vs. 12.8 ± 3.1 for controls; p=0.384). Saliva samples were collected with Salivette® (Sarstedt, Rommelsdorf, Germany), a commercially available collection device consisting of a small cotton swab and a standard centrifuge tube. All women were instructed on how to use the kit and the procedure for saliva collection at home during the interview. The swab was rotated in the mouth for at least 2 min and then inserted back into the tube. Women were instructed not to brush their teeth or eat or drink anything for 30 min before sample collection, to record the exact sampling time, and to keep the samples refrigerated (2 to 8°C) until the research group returned to collect them. Once in the laboratory, the samples were centrifuged at 1000 x g for 2 min to provide a clear and non-viscous saliva sample. They were then aliquoted and stored at -40ºC until assayed. Salivary cortisol levels were measured in ng/ml using a commercial immunoassay with chemiluminescence detection (DiaMetra, SRL, Milano, Italy). The higher sensitivity of this assay is 0.33 nmol/l and extreme values were repeated for confirmation. The estimated intra-and interassay coefficients of variance were below 14%. Before analyses, the continuous data of salivary cortisol levels were transformed via natural logarithms to eliminate skewedness of the distributions.
Measurement of perceived stress level
Psychosocial stress was assessed using the PSS with 10 items (PSS-10) [29, 30] , which was completed during the interview. The PSS-10 is a global measure of current perceived stress and consists of six negative and four positive items about feelings and thoughts related to events and situations that occurred in the last month. Responses are recorded using a five-point Likert scale (never to very often). After a reverse-score of the positive items, a continuum score from 0 to 40 points is generated.
A higher score indicates increased perceived stress level. The PSS-10 showed good internal consistency (reliability). The value of Cronbach's α coefficient was 0.76 with an average inter-item correlation of 0.24.
Assessment of covariates
The questionnaire for the case-control study collected information on demographic, socioeconomic, lifestyle, and occupational characteristics. Age was categorized into three groups (18-29, 30-39, ≥40 years), marital status into two groups (with or without partner), and race/skin color into white or other.
Education, measured as years of study completed (<8 years -primary education incomplete, [8] [9] [10] years -primary education complete and secondary education incomplete, and >10 years -secondary education complete and higher education incomplete or complete). Economic class was categorized according to the Economic Classification Criterion of the Brazilian Association of Research Companies -ABEP, which estimates the buying power of individuals and families, including the possession of household items and the education level of the head of household. This classification has eight categories in all (A1, A2, B1, B2, C1, C2, D, and E). However, as we did not have any women in the two highest levels (A1 and A2) or in the lowest level (E), we collapsed the categories B1, B2, C1, C2, and D into B (high), C (middle), and D (low). Sleep duration was recorded as hours of sleep per day and dichotomized into ≤5 or >5 hours. Wake time was based on the times provided on the day of sample collection and classified as morning (4:00AM≤hh:hh<12:00AM), afternoon (12:00AM≤hh:hh<8:00PM), or evening (8:00PM≤hh:hh<4:00AM). We also recorded information on smoking status, alcohol consumption, physical activity and the body mass index (BMI). The BMI was calculated based on self-reported weight and height and categorized as normal, overweight, or obese.
Work shift was categorized as day (who started working between 6:00AM and 2:00PM) or night shift (who started working between 6:00PM and 5:00AM, i.e., those who had 90% of their work schedule during hours of darkness). Work sector was classified as more or less fatiguing according to the job characteristics. Information on work shifts and work sectors was collected at the company and confirmed by the women during the interview.
Statistical analyses
Data analysis was performed using Stata version 12.0 (StataCorp LP, College Station, Texas, USA) and SPSS version 22.0 (SPSS Inc., Chicago, Illinois, USA). Descriptive statistics were used to describe the characteristics of the cases and controls and the association between the outcome, exposures, and covariates were examined using the Fisher's exact test for heterogeneity of proportions (categorical data) and the Student's t-test for mean comparison (continuous data). Four parameters of salivary cortisol level were analyzed: cortisol level immediately after waking, cortisol level after work, change in cortisol level between waking and after work, and the Area Under the Curve -AUC, calculated from the difference between the two measures of salivary cortisol by the time (in hours) between the two salivary collections [31] . Salivary cortisol levels and the PSS-10 score were examined as continuous variables by the natural logarithms of means and standard deviations (SD) using the Student's t-test, the one-way ANOVA test or two-way ANOVA with repeated measures followed by Bonferroni post hoc multiple comparison tests, as appropriate. Due to non-normal distribution, summary measures of the four cortisol parameters and the PSS-10 score were categorized into tertiles to estimate possible linear associations with MetS. Conditional logistic regression for agematched case-control groups was carried out to test the associations using an unadjusted and a multivariable-adjusted model. Covariates linked to the exposures or the outcome with p<0.2 were considered confounding factors and were included in the multivariate model. A two-tailed statistical significance difference was defined at p<0.05.
Results
Sixty-eight cases of MetS were considered eligible to participate in this study. Six cases without saliva samples were excluded, and an additional 12 cases were excluded due to loss to follow-up.
Thus, the final analytical sample included 50 female MetS cases and 200 female age-matched controls. Using a control-to-case ratio of 4 and a 95% confidence level, the final sample had 80 percent statistical power to detect an odds ratio of 2.50 for the associations between MetS and stress exposure. The average values of the constituent components of MetS were statistically different between cases and controls, which was expected due to the study design. Mean age in the study sample was 36.8 years (SD ± 8.2) and was similar between cases and controls due to matching, and the majority of the women were white (90.8%). No statistically significant differences were observed between cases and controls regarding demographic, socioeconomic, lifestyle, or occupational factors, except for economic class and BMI, where there was an over-representation of cases in the high economic class and with the presence of overweight or obese (Table 1) .
Mean (± SD) salivary cortisol levels were not statistically significantly different between cases and controls immediately after waking (mean 5.37 nmol/l; SD ± 4.10 nmol/l vs. mean 6.03 nmol/l ± SD 5.39 nmol/l; p=0.53) or after work (mean 2.74 ± SD 2.87 vs. mean 2.78 ± SD 2.85; p=0.93) nmol/l. There were no differences in changes in cortisol levels, nor in the AUC parameter.
PSS-10 scores ranged from 0 to 34 points and showed no significant difference between cases and controls (14.2 ± 5.9 vs. 15.5 ± 5.6; p=0.15) ( Table 1 ).
In the total sample, we found a statistically significant difference across investigated cortisol parameters and PSS-10 score for physical activity, wake time, and shift work. Mean salivary cortisol levels immediately after waking were lower in physically inactive than physically active women; and a borderline significant difference was observed for a lower cortisol levels immediately after waking in night shift workers. Sleep duration <5 hours, wake time in the evening to go to work, and working at night demonstrated an overall significant association with a lower AUC parameter (Table 2) . When comparing the cortisol levels in saliva immediately after waking and one upon returning home from work by cases and controls and stratified by their wake time (Figure 1) , it was observed a significant difference only in salivary cortisol level immediately after waking among the female shift workers that waking in the evening. In addition, among the controls a significantly lower level of cortisol after work compared to the cortisol levels in saliva immediately after waking was observed, independently of the wake time, whereas among the cases this difference was observed only among the female shift workers that waking in the morning (Figure 1) .
In age-adjusted analyses, none of the investigated cortisol parameters nor the PSS-10 scores demonstrated a statistically significant association with MetS when conditional logistic regression was carried out. MetS cases did not differ from controls in relation to linear trend analysis of these exposures. This lack of association persisted after adjustment for possible confounding factors, including race, economic class, smoking status, physical activity, sleep duration, wake time, and shift work ( Table 3) .
Discussion
In this case-control study, we found no association between MetS and salivary cortisol levels or perceived stress levels among female shift workers in Southern Brazil. Nonetheless, alterations in AUC parameter seem to be related to shift work and sleep characteristics. In addition, a possible association between MetS and waking salivary cortisol seem to be related to the wake time.
Many previous cross-sectional studies have also suggested no relationship between cortisol levels and MetS, considering MetS a dichotomous rather than a continuous outcome. In an American study among overweight and obese adults in weight loss treatment and healthy volunteers, individuals with MetS were not more likely to have abnormal cortisol results than those without MetS and healthy volunteers [12] . In the Multi-Ethnic Study of Atherosclerosis (MESA study), MetS was not associated with 18 measures of salivary cortisol taken at different points in time among healthy adults in the United States [13] . In a Korean study, cortisol levels were not associated with MetS in women after adjustment for socioeconomic status, smoking, alcohol drinking, and daily physical activity [15] .
Similarly, in an Iranian case-control study of adult patients with MetS from a diabetes clinic and healthy controls, the cortisol levels of controls did not differ significantly from those of MetS cases after multiple adjustments [14] .
Moreover, the results of the above-mentioned studies were similar to ours even though they used different definitions of MetS and considered different cortisol parameters than we did. Some studies used the National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) criteria for MetS [12] [13] [14] and/or having received medical treatment for diabetes, hypertension, or elevated triglycerides [12] , whereas others used NCEP-ATP III Asian guidelines [15] . These studies considered various salivary cortisol measures: including measures over 3 days [13] , 24 h urine cortisol excretion, bedtime salivary cortisol and the 1 mg dexamethasone suppression test [12] , and fasting plasma cortisol [14, 15] .
Salivary cortisol would be dysregulated in individuals with MetS. A clinical review showed that alterations in the HPA axis, and consequent changes in glucocorticoids, may contribute to the pathogenesis of MetS [6] . As previous findings have been inconsistent, it is unclear whether changes in cortisol level are a cause or a result of MetS; these conflicting results about HPA axis function and MetS may be due to the use of different study designs, differences in age and sex across study samples, or the lack of adjustment for important confounding factors, such as sleep behaviors, in statistical analyses. Moreover, many studies have assessed cortisol levels at different times of day in plasma, hair, or urine, rather than in saliva. Finally, some studies analyzed these associations in specific populations, such as individuals with diabetes, and/or overweight or obese individuals.
The present study explored the association between perceived stress and MetS using a validated version of the PSS-10. In agreement with or results, previous studies showed no statistically significant difference in perceived stress between individuals with and without MetS, regardless of the definition of MetS or the instruments used to measure perceived stress. For example, a cross-sectional analysis reported no association between the PSS with 14 items (PSS-14) and the prevalence of MetS at baseline in a population-based prospective cohort study of middle-aged healthy women (Healthy Women Study -HWS), or between the PSS-14 and the risk of developing MetS [18] . In another study, the PSS-14 score was not associated with MetS among a sample of male law enforcement officers from the Iowa Department of Public Safety [19] . Similar results were observed in other studies using a specific self-perceived psychological stress questionnaire and after adjustment for lifestyle factors and other mediating biological risk factors [17, 32] .
Abnormal work schedules, especially night work, may influence health-related outcomes via a circadian stress pathway [27] . We hypothesized that shift work could be an important factor involved in the relationship between psychological stress and MetS. Working atypical shifts may have important impacts on sleep and circadian rhythms [26] , as well as on the risk of MetS [24] . In this direction, our results appointed a possible association between MetS and the cortisol level in saliva immediately after waking according to the wake time. On the other hand, a review study indicated no association between shift work and MetS when confounders such as sleep duration were taken into account [33] . In addition, the diurnal rhythm of cortisol (i.e., high cortisol levels in the morning and low levels in the evening), would be altered by shift work [27] . In our study, women who worked the night shift showed differences in some of the investigated cortisol parameters. The AUC parameter was generally lower in night shift workers than day shift workers, which is consistent with previous findings [34] . Similar results were observed among women who slept <5 hours per day and those who woke in the evening to go to work, two important characteristics associated with shift work that affect HPA axis activity.
To our knowledge, this is the first study to evaluate the relationship between psychological stress exposure and MetS among female shift workers using a robust case-control study design with sex restriction, matched by age, and controlling for potential confounding factors. This design is appropriate for investigating health-related events with a long exposure time and is also advantageous because of its low cost and its utility in studying the association of particular exposures on a predetermined outcome. The main strength of this study included the use of appropriate criteria for defining MetS cases [1] , and the use of free salivary cortisol as a biomarker of psychological stress which represents the biologically active hormone fraction [22] ; taking into account an appropriate and standardized control of sampling and laboratory analysis of saliva. In comparison with serum, urine, or hair tests, cortisol measurement in saliva has been increasingly incorporated into epidemiological research for psychological stress exposure diagnosis [35] . Additionally, we used the PSS-10, a popular and validated questionnaire, to measure the self-reported perceived stress level [20, 21] . This instrument demonstrated adequate psychometric properties, and the reliability analysis showed alpha coefficients similar to those reported in the original study [30] , and those observed in Brazilian adults [36] . Finally, considering that psychological stress measurements may differ between the sexes [22] , the restriction of our study sample to women can also be considered an important strength of this study.
Our study has some major limitations. First, the determination of causality could be limited because we used prevalent cases of MetS rather than incident cases. Second, an over-matching/overcontrolling bias cannot be ruled out, and if present it could make the detection of associations between psychological stress markers and MetS more difficult. Third, the cases and controls were not matched by work shift, limiting our matching procedure in this study. A fourth limitation is that the cortisol sampling protocol was sparse, with only two samples per day on a single workday; in addition, the lack of assessment of salivary cortisol at bedtime could have limited our findings, taking in to account the importance of this measure to assess the circadian rhythm of cortisol and response to stress exposure [37, 38] . A fifth limitation refers to the use of basal cortisol as a general measure of psychological stress level. The final limitation derives from the relatively small sample size, particularly the small number of MetS cases, which may have limited the statistical power of this study; however, the selection and inclusion of four age-matched controls for each MetS case may have attenuated this limitation.
Conclusions
In conclusion, the present study has shown that among female shift workers in Southern Brazil, stress exposure, estimated objectively by cortisol level and subjectively by self-reported perceived stress level, was not statistically significantly associated with MetS. We found no evidence of differences in salivary cortisol levels and perceived stress levels between women with and without MetS.
Nonetheless, alterations in the AUC parameter seem to be related to shift work and sleep characteristics and a possible association between MetS and waking salivary cortisol seem to be related to the wake time. Our findings should be cautiously extrapolated to rotating-shift workers or other populations. Future epidemiological studies of shift workers will be needed to confirm our findings or to assess whether salivary cortisol or perceived stress are associated with the development of MetS, taking into account lifestyle factors and job characteristics in order to improve our understanding of the complexities of this relationship. 
